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FOREWORD

This is Volume I of a two-part report which assembles into
one document basic guidelines and criteria for the design and
testing of fire protection and detection systems for use at Army
Ammunition Plants. Volume I covers "Selection and Dcsign" and
Volume II covers "Testing" of such systems. The report is intended
to serve as a guide for:

1. Managers of plant modernization and expansion programs.

2. Managers of plant safety divisions.

3. Plant fire protection personnel including designers.

4. Other interested Department of Defense fire protection
personnel.

5. Architect/Engineer firms involved in the design of
facilities for Army Ammunition Plants.

The report places particular emphasis on the "hardened water
curtain", which is a blast-resistant fire protection system developed
by the Energetic Systems Process Division of the Large Caliber Weapon
Systems Laboratory of ARRADCOM for installation in ramps which connect
adjoining buildings. A hardened water curtain combines elements of
ultra high-speed deluge systems with special piping configurations,
and its primary purpose is to reduce the possibility of propagation
of fire and explosion from building to building. The report also
provides guidelines for conventional fire protection systems.

Reference is made in the report to existing publications of the
National Fire Protection Association and governmental and insurance
agencies which should be conformed to as applicable, and procedures
are outlined for estimating costs for fire protection systems.

In any program for installation of fire protection systems in
new or revamped facilities, or for upgrading of existing fire protection,
priorities should be established in order to achieve maximum benefit
with the available funds. Determining such priorities will require a
hazards evaluation of the component areas of the facility, including
considerations of personnel exposure, operations critical to production,
and dollar value of structures and equipment.
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SUWMARY

This report is a compilation of basic guidelines and
criteria for the design of fire protection and detection systems
at Army Anujunition Plants.

The section on 'ite Water Supply presents general criteria
for water supply and distribution systems for fire protection
largely by reference to existing publications. Guidelines
peculiar to arinunition facilities, such as limitations of hydrant
usage and a method of limiting loss of main pressure due to line
rupture dre also included in this section.

The section on Extinguishing Systems briefly describes
conventional automatic sprinkler and spray systems, Halon
systems, carbon dioxide systems, hose systems and portable fire
extinguishers. Reference is made to existing publications for
design requirements, and discussion of applications for the
various systems in munitions facilities is included.

The following two sections on Detection Systems and Power
Supply provide an overview of available fire detection systems
and special requirements for the electrical supplies for such
installations, with reference made to applicable publications.

:- The section titled "Systems for Special Iazards" describes
* I ultra high-speed deluge systems, their applications in munitions

facilities, basic guidelines for their design, and some of their
litaitations.

The section o Hardened Water Curtains describes a new
concept which uses a modified ultra high-speed deluge system
designed to resist the effects of explosions and prevent the
spread of fire through connecting ramps. Guidelines are
presented for the application and design of these systems, and
there is additional discussion of the use of rate-of-flow devices
to limit loss of pressure in the water supply mains in the event
of line rupture. A classification of fire protection levels
achievable through the use of hardened water curtains and
rate-of-flow devices is defined. Finally, to illustrate an
approach to selecting appropriate protection levels, the
reasoning used in selection of such levels for a melt/pour
facility at Lone Star AAP is outlined and sumarized in tabular
fore.

The section on, Analysis of Fire Protection Requirements

provides a brief description of the relationship between
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consideratiuns of hazard probability and severity, and
determination of the extent of the fire protection systems that
should be provided for a particular facility.

The last section of the report titlea "System Costing"

provides a summary of major items to be considered in estimating
costs for fire protection systems, and concludes with a
tabulation of these items and typical applications for the
various types of systems.

F- The appendices are compilations of catalog materials showing
some representative examples of various types of fire protection
and detection systems and equipment.
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INTRODUCTION

Background

Fire represents a major hazard to both personnel end facilities
of Army Ammunition Plants, In past incidents, fires have resulted
in initiation of explosions which have caused loss of life and have
produced secondary fires that spread from one building to another via
interconnecting ramps and/or secondary explosions. To abort explosive
propagation and minimize the spread of fires, fire protection systems
of varying design are utilized. These systems may be limited to
individual operations, encompass entire buildings, and/or extend
between buildings.

Present methods of design of fire protection systems for munitions
plants are generally bared upon the standards given in National Fire
Codes (Ref 1) as published by the National Fire Protection Association
and other design manuals as published by various departments of the
Department of Defense. Although the date given in these publications
are extremely useful, they do not always apply specifically to many
of the problems encountered in the design of munitions facilities.
Therefore, a study was performed to evaluate those areas where more
specific information is required and to assemble into one report all.
related design criteria. This study was performed by the Energetic
Systeas Process Division of the Large Caliber Weapon Systems Laboratory,
ARRADCOM, as part of its overall "Engineering Support Program" for the
Manager of Production Base Modernization and Expansion. This report,
which was prepared with the assistance of Azmann 6 Whitney, Consulting
Engineers, summarizes the results of the study and presents recomended
criteria for the design of fire protection systems.

Purpose and Ohjoctive

The overall purpose of the study was to asaemble into one report
recommended design criteria for fire protection systems as used in the
design of Army Asmvnition Plants. The objectives of the study are
summarized below:

1. To present specialized as -ell as conventional systems
and equipment to be used for fire protection; and

2. To present a method of system costing.
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jFormat and Scope of Report

The following two sections describe the fire protection
equipment required for site water supply and extinguishing
systems. The next two sections describe fire detection equipment
and power supply criteria, These sections are followed by a
section on systems for special hazards, a section on hardened
water curtains, and a section on the relationship between
preliminary hazard analysis and fire protection requirements.
The last section presents data relating to systems costing, The
appendices contain reproductions of various fire protection and
fire detection equipment.

The data presented in this report will permit the selection
"• of various systems and associated equipment needed for the design

of the various fire protection systems- whereas the costing data
provides a listing of those items required for estimating t~he
'cost of the various systems.

Since future stdndards of measuretent in the United. States
. will be based upon the SI Units (International System of Units)

rather than the United States System now in use, all measurements
presented in this report will conform to those of the $1 System.
towever, for those persons not fully familiar with the St Units,
United States equivalent units are presented in parentiheses
adjacent to the SI Units.

-4-
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SITE WATER SUPPLY

General

Contained in this section are criteria for sources and
distribution systems supplying water for fire protection
systems. The codes, standards and other documents referred to
should be considered to set forth minimum requirements as
general criteria for the design of water supply systems.
Specific criteria or directives for a particular applicationI, are dependent upon existing facilities and/or their projected

uses, and will take precedence over any criteria included in
this section.

General criteria for water supplies, including (a)Li. acceptable sources, (b) line pressures and flow rates, and (c)

flow duration, are covered in National Fire Codes (NFPA
Standards, Ref 1) as follows:

Standard No. 13, Chapter 2: Sprinkler Systems

Standard No. 14, Chapter 5: Standpipe Systems

Standard No, 16, Chapter 3: Foam-Water Sprinkler Systems

-Standard No. 24, Chapter 2: Outside Protection.

Section 5 of TM 5-812-1 (Ref 2)

Also applicable are TM 5-813-1 (Ref 3), TM 5-813-2 (Ref
- 4), TM 5-813-6 (Ref 5), and Chapter 12 of AMCR 385-100 (Ref

6).

in General criteria for water tank installations are covered
Sin NFPA Standard No, 22 and in TM 5-813-4 (Ref 7), while

criteria for centrifugal fire pump installations are covered
Sin NFPA Standard No. 20. NFPA Standard No. 24, TM 5-813-5
(Ref 8) and TM 5-813-6 (Ref 5) cover general criteria for
installation of yard fire main systems.

-Water ;Supply Capacity

The water supply system should satisfy the following
- criteria.

Supply the flow rate required by the individual fire
protection system (or combination of systems likely

(M5



to operate simultaneously as a result of a single
incident) needing the greatest flow rate, at the
pressure required for that system.

2. Supply the flowing pressure required by the
individual system (or combination of systems as in
Item 1. above) needing the highest pressure, at the
flow rate required for that system.

3. Have the capacity to provide the total water volume
(flow rate x minimum flow duration) required by thd
system (or combination of systems as in Item 1.
above) with the greatest such requirement.

4. Where the fire protection water and domestic/process
water are supplied by a common system, any
domestic/process usage that cannot (or must not) be
curtailed during a fire should be considered in
conjunction with the criteria discussed above.

5. Plant procedures generally do not permit the Plant
Fire Department to enter a production area to fight
a fire until it has been determined by responsible
personnel in the involved area that there is no
further danger of explosion. It can, therefore, be
assumed that hose streams in a production area will
not be used during the time that a fixed automatic
extinguishing system is operating in that area.
Hydrant flow in such areas, consequently, should not
be added to the flow required by any automatic
system (in Items 1, 2 and 3 above) but may, by
itself, be the controlling factor in determining the
required pressure or flow rate,

Existing armuunition facilities general!y have water
systems supplied from deep wells, storage tanks and/or other
resources with distribution system pressures of up to 552 kPa
(80 psi). When consistent with safety objectives and economic
considerations, new or altered fire protection systems at
existing facilities should be designed for satisfactory
performance with miniaum modifications to the existing water
suIply systems.

Flow Demand and Duration

Required flow demand and duration for arluunition plants
should be determined using tha criteria in TM 5-812-1 (Ref 2)
with the following possible modifications and/or additions:

ii'



1. In production areas where plant procedures bar Fire
Department personnel while danger of explosion still
exists, hose stream demand need not be considlered as
simultaneous with automatic system demand.

2. Fur ultra-high speed deluge systems directly protecting
a hazardous operation or work station and for hardened
water curtains in ramps, the required flow duration
need be only 15 minutes.

3. Water application rate (density) for ultra-high speed
deluge systems and hardened water curtains should be as
described in sections on Systems for Special Hazards
and on Hardened Water Curtains, respectively.

4. In a particular area, if each operation or work station
involving e;,posed powder is provided with local
ultra-high speed deluge system protection, then
sprinklers protecting the structure and overall area
may be provided in accordance with criteria for
"Ordinary Hazard, Group 3" snown in Reference 2.

Samplr: Deternination of Required Water Supply System Capacity

In the following example of the determination of required
- . water supply system capacity, four conditions have been assumed

as follows:

1. The largest combined flow rate required by systems
directly protecting hazardous operations which might be
activated as a result of a single incident is
considered to occur In a ramp where two hardened vater
curtains are activated requiring a total of 3.03 m-/min
(800 gpm); required duration - 15 minutes. Also, no
building sprinkler or standard deluge systems will be
activated by this incident.

2. The largest flow rate required by any building
sprinkler or standard deluge system which may be
activated as a result of a single incident Lother than
the one described in 1. above) is 2.84 as3/min (750
Sgl)~ duration - 90 minutes.

3. Subsequent. to either of the above incidents, and after
the water mains supplying the systems activated in 1.
or 24 obove have been shut off, water should be
available for siomltaneous operation cf four hydrant



hose streams at 0.95 m3/min (250 gpm) each for a period
of four hours,

4. Domestic/process water requirements supplied by the
fire distribution system (see Item 4 under heading
"Water Supply Capacity") are 0,57 m3/min (150 gpm)
during the operation of the systems described in 1. or
7'., and 3. above,

Capaciy. Calcdlation (for conditions assumed above),

1, Water volume required for 1. above: 3.03 m3/min x 15
n in = 454 m (12,000 gal).

2. Water volume required for 2. above: 2.84 m3/min x 90 =

255.6 m3 (67,500 gal).

3. Water volume required for 3. above: (0.95 x 4)m3/iin x
240 min = 912 m3 (240 00 gal).

. 4. Total vol mie required for fire fighting: 255,6 + 912 =
1,167,6 nil (308,000 gal) (use only the larger of Items
1. and 2. above - in his example, Item 2).

5, Water volume required for A. above: 0.57 m3/min x 330
11i n =188 n3 (J9,500 gal) (duration corresponds to
duration of Item 2. plus duration of Item 3).

6. Total water, volume required: (Item 4. plus Item 5.) =

1,167,6 + 138 1,355.6 1n- (357,500 gai).

Site Distributi. System

The design of the fire protection -water d'Aribution system
shuuld, as a ininimum, conform witi the requirqnients of NFPA
Standard No. 24 )(Ref i)

The main distribution line should for a cflhlI ete
section i zed loop through the facility or any large area within
the facility, sized to-provide the ilows and , ressures requir .,
with flow from one direction only. In no case should the loop
pipe size be smaller than . 4-cm (6 ir,). Ii uny arrangement

where a main or branch of the main is dead-ended, it shall be
increased to at least one' size larger th:n the calculated size
(to compensate for the likelihoad of greater sedimentation and
incrustation in-a deaddended main). Wh~erever possibl,, tie main
distribution loop should be supplied from two independent water

.-- 8.
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sources, each of which can provide the required flow rate, flow
pressure and flow duration.

Protection Against Effect of Line Rupture

Wherever a branch supply from the main fire line enters a
building, ramp or other facility where the possibility of
explosion exists, provision should be made to minimize the loss
of main pressure due to the rupture of the supply line in or
adjacent to the area of the explosion. A method to accomplish
such pressure loss limitation is described below:

A rate-of-flow device should be installed in the water
supply line to the facility upstream of any part of the line
subject to such rupture, The device should be adjustable, and
should be set to limit the flow through the line to a maximum of
120 to 130 percent of the calculated flow required for the
extinguishing system involved. The device must be such that any
operational failure will cause it to go to its fully open
position, In the event of a complete rupture of the downstream
line, this device will limit the flow through the open end to the
pre-set value, thereby preventing the severe pressure drop in the
main which could be caused by flow through the open end of the
ruptured line.

The rate-of-flow device should be located exterior to and at
a sufficient distance from the structure it serves to insure its
protection. When installed underground, it should De enclosed in
a pit (pit shall be frostproof when required by climatic
conditions). A manual shut-off valve of an indicating type (such
as an outside stem and yoke or post indicator valve), sealed or
locked in the open position, should be provided upstream of the
rate-of-flow device to permit maintenance, and a test connection
should be installed downstream which will allow periodic testing
of the device's performance at its full rated flow. Provisions
should be made for the safe disposal of the water discharged
during testing.

Further discussion of rate-of-flow devices and examples of
their use are included in this report In the section entitled
"Hard~ned Water Curtains", while Appendix C contains examples of
available rate-of-flow devices.

. " '.: .. : ,
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EXTINGUISHING SYSTEMS

General

This section presents an overview of the various types of

fire extinguishing systems with a brief description of their
operation, and general criteria to assist in the selection of
the type best suited for a particular application.

Adaptations of some of these basic systems for special

hazards, and other specialized extinguishing systems arg

described in the sections of this report titled "Systems for

Special Hazards" and "Hardened Systems

The standards listed below and/or referred to in this
section shall be considered to be minimum requirements as

general criteria for the design of standpipe systems, fire

extinguisher installations, and various types of installed

. .. extinguishing systems. Specific criteria or directives for
particular applications will take precedence over ary criteria
included in this section.

A. National Fire Codes (Ref 1):

1. Standard No. 13 - Sprinkler Systems

2. Standard No. 15 - Water Spray Fixed Systems

3. Standard No. 16 - Foam-Water Sprinkler and Spray
Systems

4. Standard No. 12A - Halon 1301 Systems

5. Standard No. 12 - Cdrbon Dioxide Systems

6. Standard No. 14 - Standpipe and Hose Systems

7. Standard No. 10 - Portable fire Extinguisher

B. AMCR 385-100, Chapter 12 (Ref 6).

C. IM 5-8L7-I, Sections 5, 6 and 7 (Ref 2).

Underwriters' Laboratories, Inc., (UL) annually publishes
a Fire Protection Equipment List (Pef 9). %iich includes
devices, materials and equipment approved by UL for various
types of fire extinguishing systems, with m1anufacturers' names

and addresses.
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The Factory Mutual System, (FM) annually publishes an
Approval Guide (Ref 10), which is similar to the Underwriters'
Laboratories' Fire Protection Equipment List. This guide
includes devices, materials and equipment approved by Factory
Mutual System for fire extinguishing systems.

Materials, devices and equipment to be used in any fire
extinguishing installations should be limited to those listed
in the UL Fire Protection Equipment List and/or the FM
Approval Guide, except where the item is in a category not
covered in these publications.

Automatic Sprinkler Systems

Wet-Pipe Systems

Wet-pipe systems are used where there is no danger of
water freezing in the pipes in the protected area or other
parts of the distribution systems, and there are no special
conditions which would require other types of systems, In
this type of system, water under supply system pressure is
released when the fusible link on a sprinkler head(s) in the
vicinity of a fire reaches its melting temperature.

Where a small portion of an area (involving 20 sprinklers
or less) protected by a wet-pipe system may be subjected to
freezing tEmtperatures, that part of the piping system can be
filled with an antifreeze solution. Provisions must be made
to prevent contamination of the domestic water supply, where
applicable, and for testing and maintaining the required
concentration of antifreeze, and refilling the system with
antifreeze after operation or leakage.

Some typical applications for wet-pipe sprinkler systems
in both administrative and manufacturing areas in munitions
facilities are:

1. Office and toilet areas.

2. Inert material storage areas.

3. Bag making areas (bags for propellant charges)*

4. Maintenance areas.

' 5 Building protection where hazardous operations have
special protection systems.

9*11.



Dry-Pipe Systems

Dry-pipe systems are used in areas subject to freezing
temperatures. In a dry-pipe system, the piping network
downstream from a dry-pipe valve contains air (or inert gas)
under pressure. When a fire opens a sprinkler, the resulting
loss in pressure opens the dry-pipe valve, allowing water to
flow to the opened sprinkler. Since there is a delay caused
by the travel of the water from the dry-pipe valve to the open
sprinkler, a dry-pipe system should be limited to a total
piping system capacity of 2.84 m3 (750 gal) for each dry-pipe
valve.

Dry-pipe valves are designed so that a given air pressure
in the piping system will hold back a higher water pressure
under the valve clapper. Dry-pipe valves are available with
differential pressures (water to air) in the ranges of 5 or 6
to 1 (ordinary differential) and 1.0 or 1.2 to I (low
differential). The low differential type is generally used
only where there might be a problem with debris entering the
system as a result of the carrying force of water at the
hi 9her velocities associated with operation of ordinary
differential dry-pipe valves. To decrease the possibility of
accidental tripping, air pressure in the system is usually
maintained at 103.4 to 137.9 kPa (15 to 20 psi) higher than
the trippinq pressure. Most manufacturers of dry-pipe valves
have available quick-opening devices (called accelerators or
exhausters) that may be used in conjunction with their valves
to shorten the response time of the dry-pipe system. These
devices sense the rate of drop in air pressure characteristic
of a single opened sprinkler, and either trip the valve before
the air pressure has dropped to the trip level, or open an
auxiliary valve to allow the air to escape at a owre rapid
rate.

Because of the slower response tin, as compared with a
wet-pipe system, dry-pipe systems should be considered only
where freezing is a possibility. Dry-pipe systems would be
used in the same type of applications where wet-pipe systems
are used and there is danger of freezing.

Pr-Act i oSs t_s

Pre-action systems are basically the sanme as dry-pipe
systems, except that the water control valve is opened by the
operation of a fire detection system independently of the
fusing of a sprinkler. Since the response time of fire
detectors is more rapid than that of sprinklers, water is

f -12-



availablv at the site of the fire sooner than it woul 4 be with
an ordinary dry-pipe system. It is also common practice to
maintain a low air pressure in the dry section of the piping
system, designed so that a small pressure drop due to air
leakage will provide a trouble signal. A pre-action system
should be limited to a maximum of 1,lflfl sprinklers supplied by
one pre-action valve.

Pre-action systems may he used for applications where
dry-pipe systems are required, but quicker response times are
needed, for example, in a long, unheated ramp. They are also
suitable where it is especially important to avoid damage from
water due to leakage or breakage of the piping system or
sprinklers.

Under very special conditions, a pre-action system may he
designed with a built-in delay between detector actuation and
opening of the water control valve. This arrangement permits
an operator time to abort the operation at his discretion if
he can determine that there has been a false signal, or the
circumstances are such that the application of water is
undesirable.

Del uge Systems

A deluqe system is essentially the same as a pre-action
system, except that the sprinklers or nozzles are of the open
type. When the water control valve is opened by the fire
detection system, water flows through all the sprinklers or
nozzles in the system.

Water control valves for 'del uge systems may be
electrically, pneumatically or hydraulically operated or may
Iv released by an explosive device.

-Dluge systems are used when rapid propagation of a fire
can N expected because of the nature nf the materials
involved, or where the configuration of the structure is such
that heat from a fire may be deflected by drafts and,
therefore, might not actuate ordinary closed sprinklers
locateo above the site of the fire.

Deluge systems as applied in nwnitions facilities are
generally of the ultra high-speed type discussed in the
section titled "Systems for Special Hfazards". .tandard deluge
systems in munitions facilities are most coumonly used in
areas such as paint spray and paint storage areas.
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